The isolation and characterization of a bovine respiratory syncytial (RS) virus is described. Serological studies indicate that bovine RS virus is widespread in Iowa cattle and that it is involved in some outbreaks of respiratory disease. Experimental infection in calves indicates that the virus can cause illness in calves, particularly those with serum neutralizing antibody.
Introduction
DOGGETT et aI. reported in 1968 that neutralizing antibody against human respiratory syncytial (RS) virus was present in bovine serum, suggesting that a virus antigenically similar to the human RS virus was present in cattle (3) .
Since that time a bovine ItS virus has been isolated in Switzerland, Belgium, Japan, England, and the U.S.A. (9, 10, 16, 21, 23, 26, 27) . Early in 1971 we obtained samples of nasal secretions from a herd of Iowa feedlot cattle with acute respiratory disease and from these samples a bovine respiratory syncytial virus was isolated and characterized.
Materials and Methods

Specimens ]or Virus Isolation
Nasal secretion material was collected with sterile cotton swabs and placed in 2 ml of Dulbecco's Modified Eagle's Medium (DEM) with 2 per cent fetal calf serum (FCS) containing 100 I.L T. penicillin, 100 t~g streptomycin, and 25 ~g amphotericin B per mI. These samples were frozen at -70 ° C until used for virus isolation attempts.
Cell Cultures
Two embryonic bovine kidney cell lines were used: Madin-Darby bovine kidney (MDBK) and a bovine kidney cell line (GBK) developed by Dr. R. F. SOLA~ZANO, Columbia., Missouri. In addition, low passage cell types were obtained from a neonatal calf. These included cells from the lung (IBL), trachea (IBTr), thyroid (IBThyr), aorta (IBA) and spleen (IBS). Tissues for the preparation of low passage cell types were minced finely and the fragments were placed in a 250 ml plastic tissue culture flask containing i0 ml DEM with 10 per cent FCS and antibiotics. In 1--.2 weeks ceils had grown out from the fragments; they were removed, grown as monolayers in 250 ml flasks with DEM, 10 per cent FCS and no antibiotics. These cells would usually grow well for 8--10 passages. All cells were grown in medium containing a combination of organic buffers: N, N'-bis (2-hydroxethyl)-2-aminoethane sulfonie acid (BES), N-2-hydroxethyl-piperazine-N'-2-ethanesulfonie acid (IIEPES), and N-2-hydroxothylpiperazine propane sulfonie acid (I-IEPPS) in final concentrations of 10, 15, and 10 mM respectively (4) . These were in addition to 0.076 per cent sodium bicarbonate. The combination of organic buffers allowed cells to be grown in an atmosphere without added carbon dioxide. Cells were normally incubated at 37 o C in a 5 per cent carbon dioxide atmosphere. All tissue culture and virus procedures were conducted in a positive pressure air flow hood.
Organ Cultures
A trachea was obtained from a neonatal calf. The tracheal rings were separated, sectioned into 8--10 mm 2 pieces, and placed in six-chambered plastic tissue culture trays with medium (DEM, 10 per cent FCS and antibiotics) at a level to leave the tracheai epitheliuna exposed. These were incubated at 37°C in a 5 per cent carbon dioxide atmosphere. For virus studies the medium was removed and DEM with 2 per cent FCS and antibiotics was substituted and 0.1 ml of a virus suspension was dropped directly on the epithelial surface. Ciliary activity was observed with an upright microscope with indirect lighting. The explants were maintained for up to 6 months or more with biweekly changes of medium.
Virus Isolation
Virus isolation attempts were made by thawing the nasal secretion suspension and inoculating 0.1 ml into duplicate tubes containing the cell strains mentioned previously. One tube of each strain was placed in a stationary rack and incubated at. 33 ° and 37 ° C, respectively. The tubes were examined daily with an inverted microscope for 10 to 12 days or until cell degeneration was noted. Samples were subpassaged five times if no cytopathogenic effect (CPE) was noted. ]if any suggestion of CPE developed, the samples were subpassaged eight times. Subpassage was accomplished by inoculating 0.1 ml of medium, cells, and cell debris into new tubes prepared as before. If CPE was noted, the cells were dislodged and frozen with the medium at --70 ° C. Before isolation attempts were discontinued, or when CPE developed, a hemadsorption test was made. The method described by ttOTCmN et al. was used for this test (7) . The medium was removed from the monolayer, the monola:yer was washed three times with warm Tyrode's-like solution (R-saline) (20), 1 ml of 1 per cent guinea pig erythroeytes in Alsever's solution was added and the tube was incubated for one hour at room temperature. The solution was then removed and the cell layer was washed once and then examined under a microscope for evidence of hemadsorption.
V~rus Titrations
The bovine respiratory syneytial virus was titrated by inoculating 0.1 ml of half log. dilutions of virus suspension into 1 ml GBK cell suspension (25) . All titrations were performed in quadruplicate. Titcrs were determined after five days' incubation at 37 ° C in a 5 per cent carbon dioxide atmosphere as 50 per cent infective doses (TCIDa0) calculated by the method of REED and MUEN~CH (19). The human respiratory syneytiat virus was titrated in the stone manner.
Virus Stocks
A pool of the newly isolated bovine RS virus was made by harvesting supernatant fluids and infected cells. Cells and cell debris were removed by low speed centrifugation for 10 minutes at 4 ° C. The cells were then osmotically shocked by adding t volume of cells to 20 volumes distilled water for 5 minutes. An equal volume of 2 × MEM was then added and centrifuged. The supernatants were then pooled and aliquots were frozen at 70 ° C until used. The human RS virus was propagated in a similar fashion.
Sera
Paired serum samples were taken from the animals from which tile bovine 1%S virus was isolated, one at the time of illness and a second 4 weeks later.
Serum samples from animals used in experimental infections were taken at the time of infection and at various intervals thereafter.
Hyperimmune serum against parainfluenza-3 virus (PI-3) produced in a goat was available in this laboratory. Hyperimmune serum against the bovine syncytial virus described by MAL~QUIS~ et al. (t5) was provided by Dr. M. van der Maaten, N.A.D.C., Ames, Iowa.
I-lyperimmune sera against the bovine RS virus and the human RS virus were produced in rabbits by injecting 2 ml of virus suspension intraperitoneally at weekly intervals for six weeks. The suspension injected contained approximately 4000 plaque forming units (PFU) of virus. Serum was harvested two weeks following the last injection.
All sera were heat inactivated at 56 ° C for 30 minutes. In addition, sera from experimentally infected animals and from rabbits were absorbed with an equM vohmae of GBK cell suspension. This mixture was incubated for three hours at room temperature, then centrifuged at low speed and the supernatant fluid was stored at 4 ° C until used.
Neutralization Tests
A plaque reduction neutralization test similar to those described by others was used (14, 24) . Two-fold dilutions of sera were incubated with equal volumes of virus suspension containing 50--150 PFU for three hours at room temperature. After this incubation period, 0.25 ml of the serum-virus mixture was inoculated into duplicate wells of a 24~well plastic tissue culture plate (Linbro Chemical Co., New Haven, Conn.) containing a monolayer of GBK cells from which growth medium had been removed. Absorption was allowed to proceed for three hours at room temperature. Excess fluid was then removed and 1 ml of equal volume of 2 × MEM and 1 per cent agarose was added. An incubation period of five days at 37°C in a 5 per cent carbon dioxide atmosphere followed. The agar was then removed and the cell surface was washed with warm R-saline. The monolayer was then fixed and stained simultaneously using a combination of one volume methanol, one volume 1 per cent basic fuchsin in methanol, and three volumes 1 per cent methylene blue in methanol (18) . After a ten minute fixation and staining period, the mixture was removed and the monolayer was washed with tap water. The monolayer was then examined with an inverted microscope and plaques were counted. A plaque was defined as a syncytium or an empty space from which a syncytium had detached in the process of fixing and staining. The antibody titer was determined as the reciprocal of that serum dilution which reduced the plaque number by 50 per cent. Appropriate controls were processed in a similar manner.
Physico-Chemical Tests
A determination of essential lipid content in the bovine isolate was made using the method of FEI~t)~AX and WAnG (5). The method of KETLE~ et al. was used to determine the acid sensitivity of the virus (12) . The nucleic acid type was determined using a direct method as described by HA~P~Z~IAdr et al. (6) . The size of the virus was approximated by a modification of a method described by HSlVNG (8) . Nalgene filters of 0.45 and 0.20 ~ average pore diameter -were used. An aliquot of virus was drawn through the filter and residual infectivity in the filtrate was titrated.
Staining
The cytopathogenic effect was observed using hematoxylin and eosin (I-I & El, May-GrunwaId-Giemsa (MGG) and acridine orange (AO) stains on infected monolayers of GBK and IBThyr ceils. Fixatives were 10 per cent buffered formalin, methanol and Carnoy's for the tt & E, MGG and AO stains respectively.
Serological Studies
Serum samples from 3 categories of animals were tested for antibody against the bovine 1%S isolate using a plaque reduction neutralization technique described earlier.
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The first category consisted of the calves from which FS 1-1 was isolated. The second category was a group of 72 cMves with respiratory disease and 38 older animals without respiratory disease. Acute and convalescent serum samples were taken from the animMs with respiratory disease.
The third category consisted of a group of 84 calves from a state owned herd. CMves that had been handled similarly in previous years had a history of getting sick within 1--2 weeks after being moved about 40 miles from one university farm to another where they were mixed with a larger group of calves for feeding. Therefore, these calves were followed serologically throughout this period. The calves did not show any signs of respiratory illness within the expected time after movement. A second serum sample was taken on ,January 12, 1973. On January 25, 1973 the calves experienced an acute outbreak of respiratory disease with several deaths. No virus was isolated from nasal secretions obtained from these calves in spite of vigorous efforts. A final serum sample was taken on March 22, 1974.
Experimental ln/eetio~ in Calves
Five calves were obtained at birth for experimental infectivity studies. At time of infection the youngest calf was 8 weeks old. Virus suspension was aerosolized into the nasal cavity of the 5 calves using an aerosolizer described elsewhere (22) . The virus inoeulum was 4 ml of suspension containing approximately 4000 PFU of virus. The calves were observed 3 times daily for signs of clinical illness. Rectal temperatures and respiration rates were taken twice daily. Blood samples were taken daily before and after infection. They were examined for total white blood cell count, differential white blood cell count, hematocrit, pIasma fibrinogen and total serum protein. Serum samples were taken before infection and one week, one month and 2 months after infection.
Nasal secretions were obtained with sterile swabs from one day before infection to 10 days after infection. These samples were handled and virus isolation attempts were made using the same procedures as described earlier.
Results
Isolation and Culture Characteristics
Frozen nasal secretion samples obtained from five animals (FS 1-1--FS 1-5) with acute respiratory disease were rapidly thawed at 37 ° C and inoculated into several cell types as described. These cells included MDBK, GBK cells and low passage neonatal calf lung, trachea, synovial, aorta, and spleen cells obtained as described in section 2.
One sample, FS t-4, produced obvious CPE by the fifth day of incubation in all cell types. This isolate exhibited hemadsorption capability and was subsequently identified as P 1-3 by serum neutralization.
The remaining samples were subpassaged five times at 12--14 day intervals before any obvious changes were noted. On the fifth passage, FSI-1 exhibited slight CPE in GBK and lung cells at 12 days of incubation. The GBK cells usually showed obvious signs of degeneration at 12--14 days of incubation and therefore were not used for initial isolation. The low passage lung cells could be maintained for up to 60 days with no signs of degeneration; therefore, these cells were utilized in initial isolation attempts.
The three samples remaining showed no signs of CPE after the eighth passage and isolation attempts were terminated.
The two isolates, FS 1-1 and FS 14 exhibited identical eytopathic characteristics in lung eelis. The first changes noted were small areas where 2--3 cells became extremely granular with shrinkage of cytoplasm resulting in eventual opaqueness. These cells detached in about 24 hours and floated in the medium. In early passage the medium in the tubes showed a rapid shift to an acid pH. After 10--12 passages this rapid shift was no longer noted. Subsequent to this type of CPE it was noted that syneytium formation occurred with 10--15 cells coalescing to form a very granular, vacuolated mass, In these early passages the syncytia developed a deep yellow to broom color. This also disappeared by the tenth passage. Because of the early acidity noted, it was suspected that mycoplasma infection might be involved but repeated attempts to isolate mycoplasma were fruitless. The only difference noted between the two isolates was that FS 1-4 showed marked hemadsorption whereas FS 1-1 did not. After 4--5 passages FS 1-4 ceased to exhibit the granularity noted earlier and produced CPE charaeteristic of many P 1-3 isolates, with many scattered, rounded, refractory cells and small syncytia. At this time the FS 1-4 isolate was frozen and efforts were directed toward characterizing and identifying FS-1.
The syncytia produced by FSI-1 increased in size with subsequent passnge until cell masses containing 150 or more nuclei were noted. It was difficult to increase the virus titer, although several methods were used; such as roller tubes, incubating at various temperatures, and harvesting the virus at various times of incubation. However, by about the eighth passage CPE was noted by 5--7 days and the titer was increased to 103--103.5 TCIDs0/ml. At this time it was noted that the GBK cells were more permissive to virus growth, producing larger syney~ia with shorter incubation periods until by the fifteenth passage CPE was noted at 3 days with maximum cell involvement by 5~6 days. The GBK ceils were then used for subsequent studies since the lung cells exhibited much slower growth after 6--8 subpassages. The virus titer could not be increased above 10 s.s TCIDs0/ ml, and it was difficult to maintain the titer at this level.
All the other cell types could be infected with FS 1-1, but virus titers remained at low levels and the CPE was never very extensive. In addition, infection in these cells including MDBK cells, did not. result in s3mcytium formation. In the low passage cells, small areas of granularity developed which did not enlarge. These areas could have easily been mistaken for non-specific changes. The MDBK cells exhibited focal areas of cell degeneration, eventually spreading to include most of the monolayer. The cells would shrink, become granular and detach. Later, when low passage bovine th3n'oid cells were used, production of syney~ia resulted, much like those in GBK cells, Tracheal organ cultures were also infected with FS 1-1 in an attempt to increase the virus titer. This failed to produce a virus titer above that mentioned earlier although the virus could be recovered from the organ cultures as long as 40 days after infection. Many of the organ cultures showed a marked decrease in ciliary activity at 5--6 days after infection. However, the activity appeared to re~urn to normal within 24--48 hours.
Various concentrations of fetal calf serum were used in the maintenance medimn in an attempt to enhance CPE and increase the virus titer. There was no enh,~nce-ment of CPE nor increase in virus titer when concentrations of FCS greater than 2 per cent were employed. 
Cytological Characteristic8
The May-Grunwald-Giemsa (MGG) staining method proved to be the most useful in monitoring changes in ceils as CPE progressed. GBK cells were grown and infected on round coverslips and at various times of incubation a coverslip was removed and stained.
The MGG stained preparations revealed two types of CPE. The focal areas of granular cells appeared very dense with shrunken cells and degenerating nuclei. The syncytia observed were composed of a large cytoplasmic mass with the nuclei tending to aggregate toward the center. The syney5ia seen early in incubation appeared to be composed of viable cells and it was oMy in late incubation stages that the cytoplasm and nuclei appeared to degenerate. Many of the syncytia congained quite dense inclusions surrounded by a clear halo. As CPE progressed, the cytoplasm appeared to shrink, with cytoplasmic strands extending from the syncytia. Eventually the syncytia would exhibit faintly staining cytoplasm with a lacy appearance and pyknotie nuclei.
The hematoxylin-eosin stained preparations showed the same changes noted in the MGG stained monolayers.
Syneytium formation was detectable somewhat earlier with acridine orange stained monolayers than with MGG or H & E procedures. The focal areas containing granular cells were densely stained with the nuclei showing evidence of karryorhexis. The cytoplasm in syncytia did not stain as intensely as that in u~ninfeeted cells; however, the nuclei appeared quite normal. There were spaces in the c)~oplasm devoid of fluorescence, which might be the location of inclusions noted by others (16, 17) . g 5-bromo-deoxyuridine. h Nalgene Labware Division, Rochester, N.Y. In Table 1 are summarized the characteristics of the bovine RS virus isolate compared with control viruses. It is apparent that FSI-1 is sensitive to lipid solvents, is labile at low pH and contains ribonucleic acid.
Physical and Chemical Characteristics
3.d. The Antigenic Relationship between the Bovine RS Virus and a Human RS Virus
The results of this study are summarized in Table 2 . The Long strain was used as the human prototype virus and antiserum to both the bovine and human isolates was prepared in rabbits as described. The antigenic relationship between the bovine isolate and the human respiratory syncytial virus was established. Neutralizing ~iter expressed as the reciprocal of that serum dilution reducing the plaque number by 50 per cent.
The Antigenic Relationship o/FSI-1 with other Syncytium-Producing Viruses
Neutralization tests with the FSI-1 isolate, prototype PI-3 virus, and the bovine syncytial virus antiserum proved in several tests that there was no serological relationship among them.
Serological Studies
The results of the serological studies are summarized in Tables 3 to 5 . It is evident from these studies that exposure to the bovine isolate is widespread and the virus is capable of infecting calves as is indicated by a substantial number of sero conversions. There is also circumstantial evidence that the virus is involved in some respiratory disease outbreaks and may even be involved in initiating disease in field cases.
Experimental In/ectivity in Calves
The five experimental calves used in this study were inoculated intranasally with the FS 1-1 isolate. The virus had been passaged 18 times when the calves were inoculated. The results of experimental infection are summarized in Table 7 .
There were no clinical signs of illness until the fourth day after infection when calves 3 and 5 developed a temperature of 104 ° F. On this day these two calves were obviously ill with increased respiratory rate, anorexia, serous nasal discharge, dry muzzle, and malMse. The following day their temperatures had returned to near normal although they still showed signs of illness. The remaining three calves did not have a significant temperature rise although calf 4 had slight signs of anorexia and malaise on the fifth day after infection. This was the only calf from which the virus was recovered on the sixth day postinfection. The clinical and serological results of the experimental infections are smnmarized in Table 7 .
17"
All five calves had hyperemic nasal mucosa. The significance of this finding is uncertain because of the twice daily nasal swabbing. 
Diseussion
We have reported the isolation and characterization of a bovine respiratory syncytiat virus. The antigenic comparison studies establish its close relationship to a human RS virus, yet it is not a:ntigenically identical.
The biological characteristics of tile new isolate are similar to those reported by others (9, 16) . PACCAUD et al. (16) reported filtration studies in which much of the viral infectivity was retained by a 0.45 ix filter. We have made similar observations, particularly with the human isolate. Virus aggregation could be responsible for this and for our failure to obtain a high titer of virus under various conditions.
The serological studies produced quite unexpected results. The widespread antibody response raises the question as to whether it is a response to a bovine virus, a human virus or both. The sero conversions in the calves from which the bovine virus was isolated in addition to those in other cattle with respiratory disease lends weight to conjecture that the response results from exposure to a bovine virus. The serological study with the Albia calves (Table 5) provides some evidence that a bovine RS virus could be capable of initiating respiratory disease. Certainly more work is necessary before proof of disease causation is established.
Preliminary tests of ovine sera against the bovine virus as antigen indicate that antibodies also are widespread in sheep. This was reported previously by others (1) . In our studies, using FS 1-t as antigen, the mean antibody titers in sheep sera were 2 4.fold lower than in cattle. This may indicate that sheep also have their own related but distinct RS virus.
The experimental infection study in the 5 calves produced some unexpected results. The virus was shown to be capable of infecting calves, yet capable of producing illness only in those calves with apparent maternal antibody. This would be in agreement with findings that human infants who possess maternally derived humoral antibody, but who lack local secretory antibody, experience the most severe type of respiratory disease during RSV infection (2, ll, i3) .
Future studies are necessary to provide more information as to the pathogenesis of disease caused by I~S virus in the bovine. If a similar situation to the human disease does exist cattle provide an exeellent, host for studying the human as well as the bovine disease.
